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1. Introduction 
Similar to many states, the American Association of State Highway and Transportation 
Officials’ (AASHTO) pavement design procedure, a primarily empirical design guide is used by 
the state of Maine to design their roadways. This is a problem because the environmental and 
traffic conditions prevalent in Maine were not considered during the development of the 
AASHTO design procedure as it is not site specific. It was developed on the basis of field tests 
conducted in Illinois in the sixties and does not equate very well to different regions and 
differing traffic conditions. It was based off of one loop that cars drove around repeatedly and 
the damage to the pavement was recorded. This only takes into account one temperature zone, 
one rainfall zone and one subgrade and the quality of the underlying soils is a big factor in the 
magnitude of the strain that develops in the subbase and HMA layers. In Maine especially, 
different sections of the state experience completely different temperature ranges and even 
one area can experience a dramatic range between winter and summer weather conditions and 
temperatures. Secondly, the state receives a large amount of truck traffic due to logging and the 
paper industry making the current paving design process inadequate and millions (estimated to 
be around fifty) are spent each year on repairs. Pavement designs using newer technology and 
data should be looked into and most importantly they should be site specific using in pavement 
instrumentation and a mixture of empirical and recorded data. 
Objectives  
The objective of this study is to develop a new paving design spreadsheet for the town of 
Guilford Maine and come up with a general guideline that can be used elsewhere instead of 
relying purely on the empirical AASHTO design guides. The Maine Department of Transportation 
(MDOT) along with WPI faculty conducted a traffic study and the data obtained from that was 
used throughout the project. MDOT is conducting several such studies all over the state in the 
realization that pavement designs must use more recent traffic data and be site specific. Using 
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temperature, traffic and strain data obtained on site, a computer program provided by the 
Washington State DOT (everstress) can be used to calculate the actual stress and strain 
responses of the pavement. These calculated numbers can be compared to the real strain 
recorded. Using these two sets of Data, a site specific design sheet can be made saving millions 
in the long run due to decreased repairs. This project follows on from an MQP conducted last 
year by Derek Caldwell, Jennifer Gilbert and Ryan Trunko1 
2. Scope of work 
In order to complete the project, the following work was conducted: 
- Analyze field strain data and determine which strain gauges recorded reasonable data 
and then determine the peaks 
- Using traffic weight data collected on site, determine the tensile strain 
- Using the recorded strain, and the calculated strain, design a site specific pavement 
spreadsheet for Guilford, Maine 
- Perform an economic analysis to demonstrate the importance of a proper design  
 
3. Background (Data Collection Explanation) 
The test site used is located in Guilford, Maine on route 15. The data used in this study is 
primarily traffic data, temperature data and the strain recorded in the pavement. A brief 
overview of the program everstress will also be presented. 
3.1 Traffic Data 
The traffic data was collected using a Weight in Motion Sensor (WIM) which collects the time 
and date that a vehicle crosses the sensor, its weight, the number of axles recorded and the 
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spacing between the axles. The sensor works by basically measuring a change in voltage 
whenever pressure is applied to the sensor. Its shape changes thus the circuit length is changed 
and a differing voltage is recorded. Through experiments in the past and careful calibration, 
WIM systems can accurately measure the weight of the passing vehicle by noting this change in 
voltage. When the weight is known the vehicles class can also be determined. The data should 
be looked at in detail before processing it for analysis as if the sensor indicates 5 percent or 
more of the vehicles are class 15 vehicles (extremely large, heavy trucks) there is most likely a 
malfunction in the sensor. A large amount of invalid vehicle weights (a recorded value that does 
not match any vehicle type) would also suggest such a problem. Originally unprocessed and in a 
program called MIRA, the data was sorted and converted by Christine Conron2 here at WPI into 
excel format containing all the important information needed. Figure 3.1 shows an example of 
what the traffic data looks like when in excel format. The headings will be explained as needed 
in the report as not all the columns provide crucial data necessary for analysis.  
 
Figure 3-1: example of traffic data in excel sheet format 
  
 
3.2 Temperature Data 
Thermocouples to record temperature were also implanted in the pavement. One thermocouple 
rested on top, one lay 6.7 inches (170.18mm) beneath the surface and one was placed 9.4 
inches (238.76) into the ground. Four areas were set up in this way. Type T thermocouples were 
used due to their ability to handle large temperature ranges both above and below zero degrees 
Celsius, conditions of which Maine experiences. Though twelve thermocouples were placed in 
the ground, according to the MQP conducted last year only 6 functioned correctly. However, for 
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the purpose of this report the results from each thermocouple are not known but rather a series 
of max and min air and base temperatures for a variety of dates will be used. They came from 
the thermocouples mentioned above but have already been sorted and analyzed by a previous 
project group or person. Using the different temperatures recorded, a mathematical model was 
constructed to allow the temperature to be predicted at different depths allowing any air 
temperature to be used to find a temperature in the pavement material. The following 
equations were developed following the implantation of the thermocouples (all temperatures 
are calculated in degrees Celsius)3  
 
For the purpose of the analysis conducted, the third equation was used to calculate the base 
temperature of the pavement. The subscript of T specifies the depth in millimeters that the 
temperature is to be calculated for and the Tair indicates the temperature of the air surrounding 
the pavement. 
  
3.3 Strain Gauges 
The last section of data collected was the strain data that was recorded by asphalt and soil strain 
gauges. Below is a schematic of the setup used at the test site. 
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 Figure 3-2: A picture of the data collection shed used in Guilford and a schematic of the instrumentation used 
Between the four test sites a total of twelve strain gauges were used and the data for the 
project includes the date and time and the strain reading provided by each gauge at that given 
moment. Due to the fact that this is the first in pavement test site in Maine there were 
problems with several of the strain gauges and they either reported back a strain of zero or 
were stuck on or reported some other strain value that was obviously incorrect. Figure 3-3 
shows an example of the strain data in the format that will be used in the report and appendix.  
 
Figure 3-3: An example of the strain data obtained from the in site instrumentation 
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Details regarding the exact installation techniques and equipment specifications can be found in 
the referenced reports. 4 
 
3.4 Everstress 
Everstress or Everseries is a free program that was developed by the Washington State 
Department of Transportation for paving design purposes. The program can analyze a pavement 
containing up to five layers (this study uses three) and its primary purpose is to estimate stress, 
strain and deflection within a layered pavement system due to a static load or loads. It’s only 
stipulations are that the Poisson’s ratio and the thickness be specified for each layer and that 
the loading, the load radius (of the vehicles wheel) and the contact points must also be 
specified. The programs user guide as well as a detailed explanation of its development and 
various other uses can be found at link below. 
http://www.wsdot.wa.gov/biz/mats/pavement/EVERSERS/EverseriesUserGuide.pdf 
Additional information on how the program operates and the input necessary to run it will be 
discussed in later analysis sections. 
 
4. Preliminary Data 
 
4.1 Strain Data 
The first step towards the eventual design of the pavement spreadsheet was to sift through the 
strain data and identify the peak for each given spreadsheet. Four months, January, March, April 
and June were analyzed. For each of these months, one or several days of data sheets were 
given, each containing a long list of strain readings obtained at various times throughout the 
day. The strain gauge records data every .001 seconds for approximately 20 seconds meaning 
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each spread sheet was about 20,000 inputs long. The data from all twelve strain gauges is 
included in the sheet despite the fact that some did not perform adequately.  In order to 
determine which gauge to use, a strain versus time graph was created in order to see the 
variation of the strain throughout the recording and enable a live gauge to be picked.  
Table 4.1: A table summarizing the various peaks, the time they occurred and the strain gauge that recorded them. (put the 
table after it is called in the text) 
Date Time Strain (10^-6in) Strain Gauge 
January 1
st
 03:48:49.4 AM 6.47 7 
January 2
nd
 06:00:42.8 AM 8.57 7 
January 3
rd
 04:32:10.8 AM 4 7 
January 25
th
 01:49:07.3 PM 3.13 7 
March 1
st
 12:29:08.3 PM 5.22 7 
April 17
th
 11:04:25.1 AM 78.9 7 
June 11
th
 03:12:25.4 PM 142 7 
 
The graphs when examined in detail look like what was initially expected (plateaus for no vehicle 
with sudden peaks appearing when vehicle passed) and give a visible impression of traffic 
flowing over the sensor in the waves. This was done with each set of data till the peaks were 
verified and recorded in table 4-1. In order to see the change in strain more clearly, figure 4-1 
shows the strain and time for only one tenth of a second using the data from January 1st as an 
example. 
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 Figure 4-1: A scatter plot of the strain recorded by strain gauge 11 vs. time 
 
The strain gauge number refers to the specific strain gauge that recorded the strain. The 
columns are numbered 1 – 12 from left to right in the data sheet. Figure 4-2below is a sketch of 
how the gauges were set up in the pavement. 
 
Figure 4-2: Pavement set up for the strain gauges 
 
The peak was taken from strain gauge 7 each time and although other gauges may seem to have 
higher strains they did not record the same variation that strain 7 did. It had a clear peak 
Time vs Strain 
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indicating that it was a live strain gauge recording actual data. Several of the other gauges 
seemed to be functioning and were not stuck on one value but they did not provide as much 
variation and the strains from them didn’t make much sense in relation to the temperature and 
what the actual strain was calculated out to be. Thus for the purpose of this project the most 
‘accurate’ strain gauge was used rather than the one that generated the highest peak. 
 
4.2 Traffic Data 
The traffic data given was supposed to contain information for the time (give or take a few 
seconds) that the peak strain was recorded at. However, for several of the days this is not the 
case. The loading recorded at the time does not make any sense in relation to the strain 
recorded or in some cases a traffic recording for that moment in time is simply nonexistent, for 
example a large strain at that time matches up to a low vehicle weight. For pavement analysis 
purposes the weight of the second axle is to be used (this will be explained in more detail later) 
so a significant second axle weight will be used for everstress purposes for all of the dates there 
is strain data for. The strain recorded on January 1st was matched up to a recording in the traffic 
data of a second axle weight of 20,800 lbs. The weight of the second axle comes from the 
column titled WT23 in the traffic file previously described in the background. This weight will be 
used for all everstress calculations and the differing temperature of the pavement will be taken 
into account. 20,800lbs is a relatively heavy truck and by using a constant weight it will allow the 
effect that temperature has on the performance of a pavement to be fully seen and it is not a 
bad to assume that the max strain was always caused by a heavy truck due to the frequency in 
which they travel Maine’s roads. Valuable time will be saved from being wasted in not trying to 
figure out why the traffic data does not match up to the strain times. 
4.3 Temperature Data 
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For each of the months needed for this study, and several additional months for any further 
ones, a chart was created with the minimum and maximum base and air temperature for the 
given study days in the month. Several plots were created but the one used, contained a base 
temperature given by the third temperature equation earlier mentioned which is T270=0.835(air 
temp) + 6.197 and as also mentioned gives the temperature in degrees Celsius and at a depth of 
270mm. Figure 4-3 is an example of one such plot and table 4-2 summarizes the minimum base 
temperature for each of the study days. These temperatures will be used for analysis purposes 
as when the pavement is at its coldest it is the most brittle and most likely to suffer from fatigue 
cracking or just simply break due to too high of a load though this does not typically happen. 
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Figure 4-3: A plot of the various temperatures recorded throughout January at the test site 
 
Table 4-2: The minimum base temperature for each study date 
Date Temp (Celsius) 
Jan 1st -5 
Jan 3rd -11 
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Jan 5th -11 
Jan 25th -16 
March 1st -17 
April 17th 2 
June 11th 21 
 
 
4.4 Modulus Data 
In addition to the aforementioned data collected via in site instrumentation, Modulus data was 
also provided as it is one of the key components required to run everstress. For ten, twenty, 
thirty and forty degrees Celsius several different Moduli’s were given. 
By averaging the Moduli’s and graphing them vs. the temperature, a mathematical model can 
be determined using excels best fit function.  A 2nd degree polynomial best fit curve provided an 
equation that could accurately calculate the modulus for any given temperature. 
 
Table 4-3: The average modulus for each given temperature 
Temperature (ºC) 
Modulus Ave. 
(Mpa) 
10 4757 
20 2566 
30 654 
40 350 
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Figure 4-4: A graph of the average modulus for the given times and the equation generated by the best fit line 
 
5. Everstress Analysis 
 
5.1 Paving Layers 
Before talking about what needs to be input into the program, the basic structure of a pavement 
should be discussed. Typically, it consists of five layers. Three layers of hot mix asphalt which 
includes a surface, a binder and a base (HMA), a subbase layer and then the ground which is 
called the subgrade. To simplify the everstress input a three layer pavement will be considered 
with all three HMA layers considered as one with the same modulus of elasticity, since the 
materials and mix design is not very different. The thickness of the layers can vary, but a typical 
pavement design, and the one that was used for analysis in last year’s MQP has an HMA layer 
that is 27cm thick, a subbase that is 51cm thick and the subgrade thickness is considered 
infinite.  
 
 15 
5.2 Evaluation Points 
Another concept that needs to be explained is the evaluation points that one needs to input. 
Everstress calculates the stress at a certain point and for the purpose of this analysis two points 
will be considered. These two points will be a point at the center of a tire and a point between 
this tire and the one next to it (the vehicle being considered is a truck with two tires on each 
side of the axle). The load from each tire will be used and these loads will be considered to occur 
at the center of each tire where the pressure from the vehicle hits the pavement. The tires are 
13cm’s apart. The 2nd axle weight given by the traffic data (column WT23 in figure 3-1) includes 
both sides of the vehicle so it will need to be divided by two to find the weight that one set of 
tires produces. Subsequently, it will need to be divided by two again since there are two tires on 
each axle and we want the loading that each individual tire produces and not the set.  A Z 
evaluation point also exists. For this point, a point right before the end of the HMA layer 
(26.999cm in this case) will be picked as the strain found at the base of the HMA is the sought 
after result. The reoccurring tensile strain that is produced at the bottom of the HMA layers by 
passing vehicles is generally the cause of fatigue failure in asphalt pavements and is the type of 
damage you want to withstand when constant heavier traffic uses the road. Other types of 
strains result in different types of failure such as rutting but the purpose of this study is to 
develop a pavement that can withstand fatigue cracking and thus save money on repairs. Below 
is a table of the evaluation points used and a sketch clarifying what has been described for 
visualization purposes. 
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Table 5-1: The evaluation points for EVERSTRESS 
 X Coordinate Y Coordinate Z1 Coordinate Z2 Coordinate 
Pt. 1 0  0 0 26.999 
Pt. 2 6.5 0 0 26.999 
 
 
Figure 5-1: A sketch of the evaluation points in relation to the truck 
 
5.3 Modulus Values 
Each layer must have a modulus value input into the program. Using the equation calculated in 
figure 4-4 (y=4.717x2-387.2x+8223) the modulus for the HMA layer can be calculated based on 
the temperature. Y represents the modulus and the x represents the temperature in the 
pavement. The modulus value for the subbase and subgrade are 300mpa and 20mpa 
respectively. The calculated modulus for each of the days and the temperature used to calculate 
it is listed below. Due to the fact that everything is being input into the program in US units the 
conversion to ksi is also shown. 
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Table 5-2: The calculated modulus for each strain day 
Date Min Base Temp (Celsius) Modulus (MPA) Modulus (KSI) 
January 1
st
 -5 10041.08 1455.23 
January 2
nd
 -5 10041.08 1455.23 
January 3
rd
 -11 11911.44 1726.30 
January 25
th
 -16 13210.65 1914.57 
March 1
st
 -17 1342.19 1948.14 
April 17
th
 2 7467.47 1082.24 
June 11
th
 21 2171.00 314.71 
 
 
5.4 Software Input 
Now that all the appropriate variables have been discussed and calculated, everstress can be 
run. A screen shot for January 1st with all the pavement values plugged in is displayed below. 
The output files and results of each day will be discussed later. A loading of 5,200Ibs (the weight 
of second axle divided by 4 as already explained) will be used in each case. The only thing that 
will change between days is the pavement temperature and thus the modulus of elasticity. 
Poisson’s ratio is .35 for the HMA layers and the subbase and the subgrade has a Poisson ratio 
of. 40. All thickness values have been converted from cm to inches.  
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Figure 5-2: An example of the Everstress software input screen 
 
As explained there is also a load and evaluation location screen of the program that will remain 
constant throughout the test days. Its screenshot is shown below. 
 
Figure 5-3: The load and evaluation screen of everstress filled out. 
 
6. Results 
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The output file for the first test date, January 1st is shown below. The squares that are shaded in 
gray are the tensile strains that will be considered for analysis. Since all output files look the 
same, a summary table of the maximum tensile strain produced, the temperature, and the 
modulus of elasticity is displayed for all the days. The remaining output files will be shown in the 
appendix but the tensile strains are the only things that need to be considered for the remaining 
analysis. 
 
Layered Elastic Analysis by EverStress for Windows    
Line        
Title:  January 1st Data      
No of 
Layers:  3 No of Loads:   2 No of X-Y Evaluation Points:   2    
         
Layer Poisson's 
Thicknes
s 
Moduli(1
)     
* Ratio (in) (ksi)     
         
1 0.35 10.63 1455.23     
2 0.35 20.08 43.48     
3 0.4 * 2.9     
         
Load No X-Position 
Y-
Position Load 
Pressur
e Radius   
* (in) (in) (lbf) (psi) (in)   
         
1 0 0 5200 90 4.289   
2 13 0 5200 90 4.289   
Line        
 20 
Line        
Location 
No:   1 
X-Position (in):     
.000 Y-Position (in):     .000    
Line        
cNormal Stresses       
Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
         
0 1 -146.06 -156.14 -90 0 0 0 
10.63 1 80.41 92.52 -3.65 0 0.79 0 
0 1 -146.06 -156.14 -90 0 0 0 
Line        
cNormal Strains and Deflections      
Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) (10^-6) (10^-6) (mils) (mils) (mils) 
         
0 1 -41.17 -50.52 10.84 0.225 0 18.956 
10.63 1 33.88 45.12 -44.1 -0.216 0 18.702 
0 1 -41.17 -50.52 10.84 0.225 0 18.956 
Line        
cPrincipal Stresses and Strains      
Z-Position Layer S1 S2 S3 E1 E2 E3 
(in) * (psi) (psi) (psi) (10^-6) (10^-6) (10^-6) 
         
0 1 -156.14 -146.06 -90 -50.52 -41.17 10.84 
10.63 1 -3.66 80.41 92.52 -44.11 33.88 45.12 
0 1 -156.14 -146.06 -90 -50.52 -41.17 10.84 
Line        
Line        
 21 
Location 
No:   2 
X-Position (in):    
6.500 Y-Position (in):     .000    
Line        
cNormal Stresses       
Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
         
0 1 -64.82 -94.3 0 0 0 0 
10.63 1 78.08 94.7 -3.73 0 0 0 
0 1 -64.82 -94.3 0 0 0 0 
Line        
cNormal Strains and Deflections      
Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) (10^-6) (10^-6) (mils) (mils) (mils) 
         
0 1 -21.86 -49.21 38.27 0 0 18.881 
10.63 1 31.78 47.19 -44.12 0 0 18.852 
0 1 -21.86 -49.21 38.27 0 0 18.881 
Line        
cPrincipal Stresses and Strains      
Z-Position Layer S1 S2 S3 E1 E2 E3 
(in) * (psi) (psi) (psi) (10^-6) (10^-6) (10^-6) 
         
0 1 -94.3 -64.82 0 -49.21 -21.86 38.27 
10.63 1 -3.73 78.08 94.7 -44.12 31.78 47.19 
0 1 -94.3 -64.82 0 -49.21 -21.86 38.27 
Figure 6-1: The everstress output file for January 1st 
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Table 6-1: The strains from the strain gauges and everstress and other relevant information. All strains mentioned are micro strains 
(10^-6inches) 
Date Strain From 
Strain Gauge 
Tensile Strain 
In Everstress 
(location 1) 
Tensile Strain 
In Everstress 
(location 2) 
Temperature (T270) 
(degrees Celsius) 
Modulus of 
Elasticity 
(KSI) 
January 1
st
 6.47 45.12 47.19 -5 1455.23 
January 2
nd
 8.57 45.12 47.19 -5 1455.23 
January 3
rd
 4 40.21 42.01 -11 1726.30 
January 25
th
 3.13 37.45 39.09 -16 1914.57 
March 1
st
 5.22 37 38.62 -17 1948.14 
April 17
th
 78.9 54.67 57.30 2 1082.24 
June 11
th
 142 107.32 113.46 21 314.71 
 
The next step was to take the max Everstress strain and the max field strain and generate a 
model between the two. That graph and the subsequent equation is below. 
Field Strain Vs Everstress Strain
y = 1.9322x - 70.764
0
20
40
60
80
100
120
140
160
0 20 40 60 80 100 120
Max Everstress Strain
Fi
e
ld
 D
at
a 
St
ra
in
 
Figure 6.1: A graph and equation relating field strain and Everstress Strain 
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Plugging in a calculated Everstress strain and obtaining what the field strain would be, the 
number of repetitions that the pavement needs to be designed for can be obtained. Using the 
equation: 
N = 1 x 1012 * (field strain)-2.7031 
The number of repetitions N, can be determined. 
7. Spreadsheet 
 
Using these models and data, a pavement design spread sheet has been made that hopefully 
will aid in the design process for future pavements. Although this model may not be entirely 
accurate it should provide a good start for designing pavements and the steps mentioned can 
always be followed to obtain a more accurate model providing the strain, temperature and 
traffic data is readily available for the site. The spreadsheet works by plugging in the Everstress 
calculated strains which can be determined after a seemingly suitable pavement design (based 
on past experience) is plugged into the program. Since this method uses a computer program 
that is relatively easy to operate changes can be made quickly and efficiently. Once the 
Everstress data is plugged into the spreadsheet it will calculate the equivalent field strain and 
then will calculate the number of pavement repetitions that the pavement can withstand based 
on the model mentioned above. Then once the traffic is plugged in, the spreadsheet will 
highlight if the pavement is over designed, under designed or just about right. The field strain is 
generally lower than what everstress calculates as the evaluation point for the software is 
directly underneath the wheel and in ideal traffic conditions the cars will not make contact 
directly over the sensor.   
 As mentioned, the spreadsheet can be easily adjusted to account for any inaccuracies in 
the model generated. If there is field strain data available for the pavement site, Everstress 
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strains can be calculated and a new model can be created to relate those two. Then simply, that 
new equation can be plugged into the design spreadsheet and again it will tell you the accuracy 
of the design and a quick trial and error method can be used until the most economically 
suitable pavement is established. 
7.1 Economic Analysis 
 The cost of HMA is around $80 per ton so the overall pavement cost can be determined 
as follows. The thickness of the pavement multiplied by the length, multiplied by the width then 
multiplied by the density. A typical density is 145 pounds per cubic foot and a one mile length of 
road that is 12ft wide is usually considered. The purpose of such studies as this and the constant 
question of if a pavement is adequately designed can best be described through economic terms 
like this especially when natural resources are at a minimum and the economy is at a weak 
point. The thinner the pavement, the less asphalt you will need to bind the aggregate. Using an 
updated design guide such as this one may find that the pavement can be made only 5in thick 
instead of 6 that was determined with non site specific methods. Below is exactly how much you 
would save by using a newer method: 
 If your initial assumption was that a 6in layer of HMA could be used the cost of the 
pavement using the assumptions and data mentioned above would be as follows: 
6/12ft * 5,280ft * 12ft * 145lbs/ft^3 = 4,539,600lbs (2,297tons) 
2,297tons * $80/ton = $183,760 
Using a spreadsheet or any other site specific method the pavement can be adjusted. If it is 
found out that only 5 inches of asphalt needed the new cost would be: 
5/12ft * 5,280ft * 12ft * 145lbs/ft^3 = 3,828,000lbs (1,914tons) 
1,914tons * $80/ton = $153,120 
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Thus the total savings would be $30,650 just by reducing the asphalt thickness by 1in. Methods 
involving site specific data obtained by using the latest equipment need to be used to save 
money like this and reduce the costs of repairs. 
                                                          
1 Caldwell, D., Gilbert, J., & Trunko, R. (2008). Pavement Analysis and Design for the State of Maine, A Major Qualifying Project 
Report. MQP , Worcester. 
2 Conron, C. (2008, September 25). Meeting To Obtain Data. (M. Phillips, Interviewer 
3 Mallick, R., & Conron, C. (2008). ANALYSIS OF TRAFFIC, TEMPERATURE AND STRAIN IN ASPHALT PAVEMENTS IN MAINE. Worcester. 
4 Mallick, R. (2006). Analysis of Pavement Response Data and Use of Nondestructive Testing for Improving Pavement Design and 
Adoption of Mechanistic-Empirical Pavement Design Procedure Using the Gilford Route 15 Instrumented Pavement Test Section: First 
Annual Report. Worcester. 
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Appendix (Everstress data) 
CLayered Elastic Analysis by EverStress for Windows 
  Line 
       Title:  January 1st Data 
     No of Layers:  
3 No of Loads:   2 No of X-Y Evaluation Points:   2 
     
       Layer Poisson's Thickness Moduli(1) 
   * Ratio (in) (ksi) 
      
       1 0.35 10.63 1455.23 
    2 0.35 20.08 43.48 
    3 0.4 * 2.9 
      
       
Load No X-Position 
Y-
Position Load Pressure Radius 
  * (in) (in) (lbf) (psi) (in) 
    
       1 0 0 5200 90 4.289 
  2 13 0 5200 90 4.289 
  Line 
       Line 
       Location No:   
1 
X-Position (in):     
.000 Y-Position (in):     .000 
   Line 
       cNormal Stresses 
      Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
  
       0 1 -146.06 -156.14 -90 0 0 0 
10.63 1 80.41 92.52 -3.65 0 0.79 0 
0 1 -146.06 -156.14 -90 0 0 0 
Line 
       cNormal Strains and Deflections 
    Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) (10^-6) (10^-6) (mils) (mils) (mils) 
  
       0 1 -41.17 -50.52 10.84 0.225 0 18.956 
10.63 1 33.88 45.12 -44.1 -0.216 0 18.702 
0 1 -41.17 -50.52 10.84 0.225 0 18.956 
Line 
       cPrincipal Stresses and Strains 
     Z-Position Layer S1 S2 S3 E1 E2 E3 
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(in) * (psi) (psi) (psi) 
(10^-
6) (10^-6) (10^-6) 
  
       0 1 -156.14 -146.06 -90 -50.52 -41.17 10.84 
10.63 1 -3.66 80.41 92.52 -44.11 33.88 45.12 
0 1 -156.14 -146.06 -90 -50.52 -41.17 10.84 
Line 
       Line 
       Location No:   
2 
X-Position (in):    
6.500 Y-Position (in):     .000 
   Line 
       cNormal Stresses 
      Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
  
       0 1 -64.82 -94.3 0 0 0 0 
10.63 1 78.08 94.7 -3.73 0 0 0 
0 1 -64.82 -94.3 0 0 0 0 
Line 
       cNormal Strains and Deflections 
    Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) (10^-6) (10^-6) (mils) (mils) (mils) 
  
       0 1 -21.86 -49.21 38.27 0 0 18.881 
10.63 1 31.78 47.19 -44.12 0 0 18.852 
0 1 -21.86 -49.21 38.27 0 0 18.881 
Line 
       cPrincipal Stresses and Strains 
     Z-Position Layer S1 S2 S3 E1 E2 E3 
(in) * (psi) (psi) (psi) 
(10^-
6) (10^-6) (10^-6) 
  
       0 1 -94.3 -64.82 0 -49.21 -21.86 38.27 
10.63 1 -3.73 78.08 94.7 -44.12 31.78 47.19 
0 1 -94.3 -64.82 0 -49.21 -21.86 38.27 
 
CLayered Elastic Analysis by EverStress for Windows 
  Line 
       Title:  January 2nd Data 
     No of Layers:  
3 No of Loads:   2 No of X-Y Evaluation Points:   2 
     
       Layer Poisson's Thickness Moduli(1) 
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* Ratio (in) (ksi) 
      
       1 0.35 10.63 1455.23 
    2 0.35 20.08 43.48 
    3 0.4 * 2.9 
      
       
Load No X-Position 
Y-
Position Load Pressure Radius 
  * (in) (in) (lbf) (psi) (in) 
    
       1 0 0 5200 90 4.289 
  2 13 0 5200 90 4.289 
  Line 
       Line 
       Location No:   
1 
X-Position (in):     
.000 Y-Position (in):     .000 
   Line 
       cNormal Stresses 
      Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
  
       0 1 -146.06 -156.14 -90 0 0 0 
10.63 1 80.41 92.52 -3.65 0 0.79 0 
0 1 -146.06 -156.14 -90 0 0 0 
Line 
       cNormal Strains and Deflections 
    Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) (10^-6) (10^-6) (mils) (mils) (mils) 
  
       0 1 -41.17 -50.52 10.84 0.225 0 18.956 
10.63 1 33.88 45.12 -44.1 -0.216 0 18.702 
0 1 -41.17 -50.52 10.84 0.225 0 18.956 
Line 
       cPrincipal Stresses and Strains 
     Z-Position Layer S1 S2 S3 E1 E2 E3 
(in) * (psi) (psi) (psi) 
(10^-
6) (10^-6) (10^-6) 
  
       0 1 -156.14 -146.06 -90 -50.52 -41.17 10.84 
10.63 1 -3.66 80.41 92.52 -44.11 33.88 45.12 
0 1 -156.14 -146.06 -90 -50.52 -41.17 10.84 
Line 
       Line 
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Location No:   
2 
X-Position (in):    
6.500 Y-Position (in):     .000 
   Line 
       cNormal Stresses 
      Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
  
       0 1 -64.82 -94.3 0 0 0 0 
10.63 1 78.08 94.7 -3.73 0 0 0 
0 1 -64.82 -94.3 0 0 0 0 
Line 
       cNormal Strains and Deflections 
    Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) (10^-6) (10^-6) (mils) (mils) (mils) 
  
       0 1 -21.86 -49.21 38.27 0 0 18.881 
10.63 1 31.78 47.19 -44.12 0 0 18.852 
0 1 -21.86 -49.21 38.27 0 0 18.881 
Line 
       cPrincipal Stresses and Strains 
     Z-Position Layer S1 S2 S3 E1 E2 E3 
(in) * (psi) (psi) (psi) 
(10^-
6) (10^-6) (10^-6) 
  
       0 1 -94.3 -64.82 0 -49.21 -21.86 38.27 
10.63 1 -3.73 78.08 94.7 -44.12 31.78 47.19 
0 1 -94.3 -64.82 0 -49.21 -21.86 38.27 
 
CLayered Elastic Analysis by EverStress for Windows 
  Line 
       Title:  January 3rd Data 
     No of Layers:  
3 No of Loads:   2 
No of X-Y Evaluation Points:   
2 
     
       Layer Poisson's Thickness Moduli(1) 
   * Ratio (in) (ksi) 
      
       1 0.35 10.63 1726.3 
    2 0.35 20.08 43.48 
    3 0.4 * 2.9 
      
       
Load No X-Position 
Y-
Position Load Pressure Radius 
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* (in) (in) (lbf) (psi) (in) 
    
       1 0 0 5200 90 4.289 
  2 13 0 5200 90 4.289 
  Line 
       Line 
       Location No:   
1 
X-Position (in):     
.000 Y-Position (in):     .000 
   Line 
       cNormal Stresses 
      Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
  
       
0 1 -150.74 
-
161.02 -90 0 0 0 
10.63 1 86.01 98.4 -3.24 0 0.69 0 
0 1 -150.74 
-
161.02 -90 0 0 0 
Line 
       cNormal Strains and Deflections 
    Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) 
(10^-
6) (10^-6) (mils) (mils) (mils) 
  
       0 1 -36.43 -44.46 11.07 0.201 0 18.311 
10.63 1 30.53 40.21 -39.26 -0.195 0 18.098 
0 1 -36.43 -44.46 11.07 0.201 0 18.311 
Line 
       cPrincipal Stresses and Strains 
     Z-Position Layer S1 S2 S3 E1 E2 E3 
(in) * (psi) (psi) (psi) 
(10^-
6) (10^-6) (10^-6) 
  
       
0 1 -161.02 
-
150.74 -90 -44.46 -36.43 11.07 
10.63 1 -3.24 86.02 98.4 -39.27 30.54 40.21 
0 1 -161.02 
-
150.74 -90 -44.46 -36.43 11.07 
Line 
       Line 
       Location No:   
2 
X-Position (in):    
6.500 Y-Position (in):     .000 
   Line 
       cNormal Stresses 
      Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
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(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
  
       0 1 -69.7 -99.31 0 0 0 0 
10.63 1 83.87 100.72 -3.31 0 0 0 
0 1 -69.7 -99.31 0 0 0 0 
Line 
       cNormal Strains and Deflections 
    Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) 
(10^-
6) (10^-6) (mils) (mils) (mils) 
  
       0 1 -20.24 -43.4 34.27 0 0 18.257 
10.63 1 28.83 42.01 -39.34 0 0 18.232 
0 1 -20.24 -43.4 34.27 0 0 18.257 
Line 
       cPrincipal Stresses and Strains 
     Z-Position Layer S1 S2 S3 E1 E2 E3 
(in) * (psi) (psi) (psi) 
(10^-
6) (10^-6) (10^-6) 
  
       0 1 -99.31 -69.7 0 -43.4 -20.24 34.27 
10.63 1 -3.31 83.87 100.72 -39.34 28.83 42.01 
0 1 -99.31 -69.7 0 -43.4 -20.24 34.27 
 
 
CLayered Elastic Analysis by EverStress for Windows 
  Line 
       Title:  January 25th Data 
     No of Layers:  
3 No of Loads:   2 No of X-Y Evaluation Points:   2 
     
       Layer Poisson's Thickness Moduli(1) 
   * Ratio (in) (ksi) 
      
       1 0.35 10.63 1914.57 
    2 0.35 20.08 43.48 
    3 0.4 * 2.9 
      
       
Load No X-Position 
Y-
Position Load Pressure Radius 
  * (in) (in) (lbf) (psi) (in) 
    
       1 0 0 5200 90 4.289 
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2 13 0 5200 90 4.289 
  Line 
       Line 
       Location No:   
1 
X-Position (in):     
.000 Y-Position (in):     .000 
   Line 
       cNormal Stresses 
      Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
  
       0 1 -153.6 -163.99 -90 0 0 0 
10.63 1 89.42 101.95 -3.01 0 0.64 0 
0 1 -153.6 -163.99 -90 0 0 0 
Line 
       cNormal Strains and Deflections 
    Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) (10^-6) (10^-6) (mils) (mils) (mils) 
  
       0 1 -33.8 -41.12 11.05 0.188 0 17.922 
10.63 1 28.62 37.45 -36.55 -0.184 0 17.729 
0 1 -33.8 -41.12 11.05 0.188 0 17.922 
Line 
       cPrincipal Stresses and Strains 
     Z-Position Layer S1 S2 S3 E1 E2 E3 
(in) * (psi) (psi) (psi) 
(10^-
6) (10^-6) (10^-6) 
  
       0 1 -163.99 -153.6 -90 -41.12 -33.8 11.05 
10.63 1 -3.01 89.42 101.95 -36.56 28.62 37.45 
0 1 -163.99 -153.6 -90 -41.12 -33.8 11.05 
Line 
       Line 
       Location No:   
2 
X-Position (in):    
6.500 Y-Position (in):     .000 
   Line 
       cNormal Stresses 
      Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
  
       0 1 -72.68 -102.37 0 0 0 0 
10.63 1 87.38 104.35 -3.07 0 0 0 
0 1 -72.68 -102.37 0 0 0 0 
Line 
       cNormal Strains and Deflections 
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Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) (10^-6) (10^-6) (mils) (mils) (mils) 
  
       0 1 -19.25 -40.18 32 0 0 17.877 
10.63 1 27.12 39.09 -36.65 0 0 17.854 
0 1 -19.25 -40.18 32 0 0 17.877 
Line 
       cPrincipal Stresses and Strains 
     Z-Position Layer S1 S2 S3 E1 E2 E3 
(in) * (psi) (psi) (psi) 
(10^-
6) (10^-6) (10^-6) 
  
       0 1 -102.37 -72.68 0 -40.18 -19.25 32 
10.63 1 -3.07 87.38 104.35 -36.65 27.12 39.09 
0 1 -102.37 -72.68 0 -40.18 -19.25 32 
 
CLayered Elastic Analysis by EverStress for Windows 
  Line 
       Title:  March 1st Data 
     No of Layers:  
3 No of Loads:   2 No of X-Y Evaluation Points:   2 
     
       Layer Poisson's Thickness Moduli(1) 
   * Ratio (in) (ksi) 
      
       1 0.35 10.63 1948.14 
    2 0.35 20.08 43.48 
    3 0.4 * 2.9 
      
       
Load No X-Position 
Y-
Position Load Pressure Radius 
  * (in) (in) (lbf) (psi) (in) 
    
       1 0 0 5200 90 4.289 
  2 13 0 5200 90 4.289 
  Line 
       Line 
       Location No:   
1 
X-Position (in):     
.000 Y-Position (in):     .000 
   Line 
       cNormal Stresses 
      Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
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0 1 -154.09 -164.49 -90 0 0 0 
10.63 1 89.99 102.54 -2.97 0 0.63 0 
0 1 -154.09 -164.49 -90 0 0 0 
Line 
       cNormal Strains and Deflections 
    Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) (10^-6) (10^-6) (mils) (mils) (mils) 
  
       0 1 -33.37 -40.58 11.04 0.186 0 17.856 
10.63 1 28.3 37 -36.11 -0.182 0 17.667 
0 1 -33.37 -40.58 11.04 0.186 0 17.856 
Line 
       cPrincipal Stresses and Strains 
     Z-Position Layer S1 S2 S3 E1 E2 E3 
(in) * (psi) (psi) (psi) 
(10^-
6) (10^-6) (10^-6) 
  
       0 1 -164.49 -154.09 -90 -40.58 -33.37 11.04 
10.63 1 -2.97 90 102.54 -36.12 28.31 37 
0 1 -164.49 -154.09 -90 -40.58 -33.37 11.04 
Line 
       Line 
       Location No:   
2 
X-Position (in):    
6.500 Y-Position (in):     .000 
   Line 
       cNormal Stresses 
      Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
  
       0 1 -73.18 -102.88 0 0 0 0 
10.63 1 87.97 104.96 -3.04 0 0 0 
0 1 -73.18 -102.88 0 0 0 0 
Line 
       cNormal Strains and Deflections 
    Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) (10^-6) (10^-6) (mils) (mils) (mils) 
  
       0 1 -19.08 -39.66 31.63 0 0 17.813 
10.63 1 26.84 38.62 -36.22 0 0 17.79 
0 1 -19.08 -39.66 31.63 0 0 17.813 
Line 
       cPrincipal Stresses and Strains 
     Z-Position Layer S1 S2 S3 E1 E2 E3 
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(in) * (psi) (psi) (psi) 
(10^-
6) (10^-6) (10^-6) 
  
       0 1 -102.88 -73.18 0 -39.66 -19.08 31.63 
10.63 1 -3.04 87.97 104.96 -36.22 26.84 38.62 
0 1 -102.88 -73.18 0 -39.66 -19.08 31.63 
 
CLayered Elastic Analysis by EverStress for Windows 
  Line 
       Title:  June 11th Data 
     No of Layers:  
3 No of Loads:   2 
No of X-Y Evaluation Points:   
2 
     
       Layer Poisson's Thickness Moduli(1) 
   * Ratio (in) (ksi) 
      
       1 0.35 10.63 314.71 
    2 0.35 20.08 43.48 
    3 0.4 * 2.9 
      
       
Load No X-Position 
Y-
Position Load Pressure Radius 
  * (in) (in) (lbf) (psi) (in) 
    
       1 0 0 5200 90 4.289 
  2 13 0 5200 90 4.289 
  Line 
       Line 
       Location No:   
1 
X-Position (in):     
.000 Y-Position (in):     .000 
   Line 
       cNormal Stresses 
      Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
  
       
0 1 -109.02 
-
116.44 -90 0 0 0 
10.63 1 33.92 42.4 -9.27 0 1.98 0 
0 1 -109.02 
-
116.44 -90 0 0 0 
Line 
       cNormal Strains and Deflections 
    Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
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(in) * (10^-6) 
(10^-
6) (10^-6) (mils) (mils) (mils) 
  
       
0 1 -116.83 
-
148.64 -35.24 0.537 0 25.103 
10.63 1 70.95 107.32 -114.35 -0.425 0 23.909 
0 1 -116.83 
-
148.64 -35.24 0.537 0 25.103 
Line 
       cPrincipal Stresses and Strains 
     Z-Position Layer S1 S2 S3 E1 E2 E3 
(in) * (psi) (psi) (psi) 
(10^-
6) (10^-6) (10^-6) 
  
       
0 1 -116.44 
-
109.02 -90 
-
148.64 -116.83 -35.24 
10.63 1 -9.36 34.01 42.4 
-
114.74 71.33 107.32 
0 1 -116.44 
-
109.02 -90 
-
148.64 -116.83 -35.24 
Line 
       Line 
       Location No:   
2 
X-Position (in):    
6.500 Y-Position (in):     .000 
   Line 
       cNormal Stresses 
      Z-Position Layer Sxx Syy Szz Syz Sxz Sxy 
(in) * (psi) (psi) (psi) (psi) (psi) (psi) 
  
       0 1 -25.36 -52.84 0 0 0 0 
10.63 1 30.03 42.97 -9.29 0 0 0 
0 1 -25.36 -52.84 0 0 0 0 
Line 
       cNormal Strains and Deflections 
    Z-Position Layer Exx Eyy Ezz Ux Uy Uz 
(in) * (10^-6) 
(10^-
6) (10^-6) (mils) (mils) (mils) 
  
       
0 1 -21.82 
-
139.68 86.96 0 0 24.399 
10.63 1 57.96 113.46 -110.69 0 0 24.243 
0 1 -21.82 
-
139.68 86.96 0 0 24.399 
Line 
       cPrincipal Stresses and Strains 
     Z-Position Layer S1 S2 S3 E1 E2 E3 
 37 
                                                                                                                                                                             
(in) * (psi) (psi) (psi) 
(10^-
6) (10^-6) (10^-6) 
  
       
0 1 -52.84 -25.36 0 
-
139.68 -21.82 86.96 
10.63 1 -9.29 30.03 42.97 
-
110.69 57.96 113.46 
0 1 -52.84 -25.36 0 
-
139.68 -21.82 86.96 
 
